Basketball referees are important in a basketball game.
INTRODUCTION
Basketball is very popular all over the world. In order to make the basketball games all over the world be understood, the International Basketball Federation (FIBA) published a set of documents for governing the basketball sport. Among the documents publised by FIBA, the Official Basketball Rules (FIBA, 2014) is used to identify and deal with all situations in a basketball game.
In a basketball game, the referees play an important role in officiating the game based on the basketball rules. Originally, there are two referees being assigned to a basketball game. The two referees follow the two men officiating mechanism described in referees' manual to administrate a basketball game. However, when the game becomes faster and more intense, there are some blind sides when the game is covered by only two referees.
In 2000, FIBA started using three person officiating (FIBA, 2010b) in the official tournament. Using three person officiating mechanism may decrease some blind sides and make the game fairer. However, some problems may occur because the three referees may not work well with each other. For example, in a body contact, the probability that one referee calls the charging foul and the other calls the block foul will be larger than that in two persons officiating.
In this paper, we discuss the performance of the referees in a game with three referees. Intuitively, three referees with good personal capability may improve the referee team's performance. However, good personal capabilities does not necessarily result in good referees' performance in a basketball game (Lazarov, 2007; Carron, 1988) . For example, even though the referees who are selected to Olympic Games are top FIBA referees whose personal capabilities are definitely best among all referees in the world, many disputes still occur in Olympic Games. The main reason is that the referees are from different countries and not familiar with each other so that they cannot work together well. This paper focused on how the degree of teamwork, in this paper we called teamwork capability, affects the referee team's performance. We use the history data to analyze the importance of teamwork and personal capabilities. Observations are first made to the raw data and found that the referee team's performance depends on the teamwork capability very much. Then, we use the machine learning algorithms to find some classifiers which are able to classify the collected data set into good or bad performance. One classfier name linear classifier using pocket algorithm is able to classify the data with correct rate 68.6%. The classifier is an evidence that the teamwork capabilities are more important than the personal capabilities in referee team's performance. Prediction of referee's performance in future games is also an application of the classifiers.
The reminder of this paper is organized as follows. Next section reviews some previous works on how to improve the teamwork in different areas. Observations of data are made in Section 3. We then applied the machine learning techniques to make a classifier for referee's performance in Section 4. Finally, some concluding remarks and applications of this paper are given.
PREVIOUS WORKS
To improve a referee team's performance, improving personal capabilities and improving teamwork capabilities are both important. Most previous literatures only discussed how to improve the personal capabilities of a referee (Helsen and Bultynck, 2004; Hoseini et al., 2011; Feinstein, 2009; Stern, 2010; Nevill et al., 2002; Mirjamali et al., 2013; Wang et al., 2013; Stewart and Ellery, 2004; Leicht, 2008; Serkan, 2014; Balmer et al., 2007; Guillén and Feltz, 2011) . On the other hand, some research efforts have been proposed to improve the teamwork capabilities in different areas (Gladstein, 1984; Magyar et al., 2004; Heuze et al., 2006; Tjosvold, 1988; Austin, 2003) . Lazarov points out the importance of teamwork in officiating a basketball game (Lazarov, 2007) .
In order to improve the teamwork of referees in a basketball game, FIBA proposes some solutions to make games proceed fluently without disputes:
• FIBA publishes the referees manual to let referees all around the world use the same mechanisms in officiating (FIBA, 2010b) . By obeying the manual, the referees are able to identify their coverage area and the dual calls will be reduced.
• FIBA conducts many referees camps and clinics throughout the world. In the camps and clinics, new rules and mechanisms are introduced for the referees.
• In a referees clinic, the candidate of FIBA referees must pass the English test to become a FIBA referee (FIBA, 2010a) . By English test, the referees who hope to become a FIBA referee must learn English so as to communicate with other referees and the teams which is able to reduce the disputes and misunderstandings. 
THE HISTORIC DATA
In this section, we first introduce the basic parameters of the collected data. From the data, we can make some interesting observations.
Background Information
In this paper, the data is collectd from the Super Basketball Leagues in Taiwan from 2013 to 2015 (2 seasons). The number of referees and the number of games are 49 and 207 respectively. The 49 referees are top referees in Taiwan and 26 of them are active or former FIBA referees. A personal capability value is associated with each referee. The value is from 1 to 5 and is the average of four scores obtained by 4 technical committee members in Taiwan. A teamwork capability value is associated with each pair of two referees. The value ranges also from 1 to 5 and is the average of values scored by the same 4 technical committee members.
In each game, a score is given to each referee and the score ranges from 1 to 3. Normalization is applied to the data because different scores may be given by different committees on the same game. After normalization, the average of the scores in each game is calculated. By our definition, we said a referee team performs good if the average performance is larger than or equal to 2.3. The reason we selecting 2.3 as the threshold is that in the 207 games, the games with good referees performance is approximately 50%. The referee teams which do not perform good performance is said that their performences need improvement.
We then analyze the referee capabilities in each game. For each game, the average personal capablity AV G p and the average teamwork capability AV G t are calculated. The relationships between the referees performance and the referees capabilities is shown in Fig. 1 .
Observations
We plot the collected data in fig.1 . The X-axis and Y-axis are the average personal capabilities and the average teamwork capabilities respectively. The data with "o" label are the game with good performance while the data with "x" label are the game with performances needed improvement. From this figure, we can make the following observations:
• The data can not be separated clearly. The performances with the same AV G p and AV G t values are not necessarily the same. This is because that there are some other factors affect the performance of referees. For example, the both teams of a gaem, the physical, psycological preparation of the referees, and etc.
• The relationship between the average personal capability and the average teamwork capability is dependent. From the figure, we found that when a referee team's average personal capability high, it probably has high teamwork capability. Even though the two capabilities is dependent, we hope to find the degree of the dependence and how they affect the referees' performance. In order to understand how the two capabilities affect the performances of the referee teams, we calculate the percentages of number of games with good performance when the value of capabilities is between a range. Fig. 2 shows the relationships and we can make the following observations:
• The relationship between the average teamwork capability and the percentage of games with good performance is an increasing function. When the referees work together well, the performance will be better.
• The relationship between the average personal capability and the performance is not an increasing function. When the average personal capability is high, the percentage of games with good performance is not as high as expected. After analyzing the raw data, we found that the reason that the teamwork capabilities are small in these games.
We have already known that the teamwork is very important to the performance of referees in a game. Next, we hope to use the data for future analysis and applications.
CLASSIFIERS OF REFEREE TEAM'S PERFORMANCE
The data can also be used for further analysis of referee team's performance. In this section, we use machine learning techniques (Abu-Mostafa et al., 2012; Gallant, 1990) to find some classifiers which can which can separate the data with minimum errors. When a classifier is obtained, we can use the classifier to predict referees' performance in the future. Also, we can analyze the performance in a mathematical manner.
Linear Classifier with Equal Weight
The assumption of linear classifier with equal weights assumes that the personal capability and the teamwork capability are equally important. The classifier is to find a line whose slope is −1. The equation of AV
The value of c is determined by a linear search technique such that the number of data points which is not classified correctly is minimum. Fig. 3 shows the relationship of the data set and the linear classifier with equal weights. In our data set, the value of c with minimum error points is 6.9167 and the number of error classified data points is 72 (Correct rate: 65.2%). That is, if AV G p plus AV G t of a referee team in a game is larger than 6.9167, the performance is expected to be good based on this classifier.
Circle Classifier with Equal Weight
Circle classifier with equal weights uses the same assumption as the linear classifier with equal weights except that the classifier is a quadrant. The center of the circle is set to (1, 1) and the radius is a constant r. The equation of the circle is as follow.
The value of r is also determined by linear search and the number of incorrectly classified data points is minimum. In the data set, the value of r is 3.4771 and the number of incorrectly classified data points is 73 (Correct rate: 64.7%). That is, if AV G 2 p plus AV G 2 t of a referee team in a game is larger than 3.4771 2 , the performance is expected to be good based on this classifier. The classifier is shown in fig. 4 .
Linear Classifier using Pocket Algorithm
The two previous classifiers both assume that the personal capability and the teamwork capability are 1.33325 AVG p +8.5001 AVG t =33
Figure 5: Linear classifier using pocket algorithm equally important to the referee team's performance. However, in the observations shown in Section 3, the teamwork capability seems more important than the personal capability. A data point d can be represent by a two-tuple
) and the performance of d, denoted as y d , is set to be 1 if the performance is good; otherwise, it is set to be −1. Generally, the linear classifier can be written as follows.
where w = w 0 , w 1 .w 2 is the vector of coefficients.
For simplicity for computation, we extend X d to be a three-tuple
) and the equation of the classifier can be written as follows.
In order to find the vector (w 0 , w 1 , w 2 ) such that the number of incorrectly classified data points is minimum, pocket algorithm (Abu-Mostafa et al., 2012; Gallant, 1990; Rosenblatt, 1958 ) is used. Procedure of the pocket algorithm works as follows.
Step 1. Initially, let (w 0 .w 1 .w 2 ) equals to (1, 1, 1) .
Calculate the number of incorrectly classified data points and let N err be the number of incorrectly classified data points.
Step 2. Randomly choose a data point d which is incorrectly classified. The new weight w ′ can be calculated as follow
Step 3. Calculate the number of incorrectly classified data points N ′ err based on the new weight w ′ . If N ′ err is less than N err , let N err = N ′ err and remember the weight w ′ . Step 4. If the number of repeated computation is less than the predefined value, go to Step. 2; otherwise, the algorithm terminates. In our program, the value is set to 10 6 .
After applying the pocket algorithm, the equation of the classifier applied on the data set is as follows and the slope is −0.157.
That is, if (1.33325AVG p + 8.5001AVG t − 33) value of a referee team in a game is larger than 33, the performance is expected to be good based on this classifier. Fig. 5 shows the relationship between the data points and the classifier. The number of incorrectly classified data points is 65 (Correct rate: 68.6%). From the equation and figure, we have following observations:
• The slope of the classifier is larger than -1 and still less than 0. This means that the performance of a referee team is affected by both the average personal capability and the average teamwork capability. The teamwork capability is more important than the personal capability.
• From equation (6), we found that if the value AV G t is large enough, performance of a referee team will be probably good. However, if the value of AV G p is high but the value of AV G t is not large enough, the performance may need improvement.
• When applying the algorithm to the data set, the equation will be different if the random incorrectly classified data points chosen in Step. 2 of the algorithm are different. Even though the equations are different, they all yield the same minimum number of incorrectly classified data points. The equations are close to each other. Therefore, the observations described above can also be made from the different equations.
CONCLUSIONS
In this paper, we analyze the performance of basketball referee teams in a game. In the past, only personal capabilities of the referees are considered. We also consider the teamwork capabilities between the referees in addition to their personal capabilities. The data from Taiwan Super Basketball League are analyzed. We first observed that the teamwork capability is a key factor to the performance of referee teams. Furthermore, the teamwork capabilities are more important than the personal capabilities. Then, we derived three classifiers to further analyze the data set. Among the three classifiers, a classifier named linear classifier using pocket algorithm performs better than the other two classifiers. The linear classifier using pocket algorithm is able to classify the data set with 68.6% correct rate. The classifier also proved the importance of teamwork is much larger than that of personal capability.
The classifiers may change with more and more input data. This paper provides an approach to analyze the referee team's performance in different countries or different tournaments. If more and more data can be obtained from different countries or FIBA games, this research can be applied to these referees and games. Therefore, the classifier for the games can be derived and some concluding remarks can be made.
In the future, this research can be extended as follows.
• The classifiers have been derived and they can be used as a predictor to the referee team's performance in the future games. The predictor can be used and the correctness can be computed.
• The personal capability of a referee and the teamwork capability between two referees may change. In the future, a feedback mechanism after a game should be devised. If a game ends with good referees' performance, the personal capabilities of the three referees and the teamwork capabilities between the three referees should be increased; otherwise, they should be decreased. In the meantime, the parameters of the classifier should be recalculated to fit the new data.
• When the database of referees personal capabilities and teamwork capabilities has been established, a recommend system can be designed. In a tournament, the selection and assignment of the referees can recommended by the system in order to maximize the number of games with good performance.
